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© Method for determining aperture shape. 
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© A method for selecting the shape for an oc- 
cluding aperture (24) which is to be positioned at a 
predetermined aperture location (28) in a light path 
(12) extending between an illuminated line object 
(14) and a linear photosensor array (16). Through 



use of the aperture (24) selected according to the 
method, a light intensity measurement is obtained 
across the linear photosensor array (16) which is 
uniformly proportional to the light intensity across 
the illuminated line object (14). 




FIG. I 



Rank Xerox (UK) Business Services 



BNSDOCIO: <EP 041 180OA3_L> 




» 




EP 0 411 800 A2 




A A 

Position On Ape-ztuZE 



FIG. 13 





• — t- 



- I -2 



I.O 



o.Q~ 



=06--. 



0.4~ 



f 



Actual ^ccl usica/ 




& -4 4 A 8 

FfG.I4 



/•2 



BNSCOCtD: <EP 041 1800A2J, > 



16 




FIG. 1 1 




POS/T/OA/ ON /QP£e7VX£- 4<x/s ( mm) 



FIG.I2 



BNSCXXID: <EP 0411800A2J_?> 



15 




BNSDOCID <EP 0411800A2.I„> 14 



EP0 411 800 A2 




FIG. 6 





, I 














/ 










— w 







X 



FIG.7 



BNSDOCIO: <EP._.04UB00A2.L> 



13 




FIG.3 




FIG.4 



8NSDOCID: <EP 041 1800A2_I_> 



12 




BNSDOCID; <EP 041 1800A2_I_> 



11 



EP0 411 800 A2 



w 



polynomial equation; .... . , _ 

eT constructing a mathematical model for the light intensity at any point across the linear photosensor 
array (16). with an aperture of the selected shape (23) in place at the predetermined aperture location 

fusing the light intensity measured across the photosensor array (16) during the testing period and the 
mathematical model to compute the light intensity across the photosensor array (16) with an aperture of 
the selected shape (23) in place- 

a) during a selected number of iterations, adjusting the coefficients of the polynomial equation repre- 
sentative of aperture shape in an orderly fashion adapted to minimize the total dev.ation of the computed 
light intensity across the linear photosensor array (16) from the target constant value light intensity; 
h) selecting a final design aperture shape (26) in accordance with the one of the coeffic.ent-adiusted 
polynomial expressions for aperture shape which produces the least total deviation in computed light 
intensity from the target constant value light intensity. 
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1 A method for selecting the shape of an occluding aperture (24) which is to be positioned at a 
predetermined aperture location (28) In a light path (12) extending between an illuminated l.ne object (14) 
and a linear photosensor array (16) whereby, through use of the aperture (24). a light intensity measurement 
s is obtained across the linear photosensor array (16) which is uniformly proportional to the light intensity 
across the illuminated line object (14) t comprising the steps of: 

a) providing a constant light intensity across the illuminated line object (14) during a testing period; 

b) measuring the light intensity across the linear photosensor array (16) during the testing period without 
an occluding aperture (24) in the light path (12); 

w c) selecting a target, constant value light intensity which is to be achieved through use of occluding 

aperture (24); 

d) selecting an initial aperture shape (23) and representing the selected shape mathematically; 

e) constructing a mathematical model for the light intensity at any point across the linear photosensor 
array (16), with an aperture of the selected shape (23) in place at the predetermined aperture location 

75 (28)* 

f) using the light intensity measured across the photosensor array (16) during the testing period and the 
mathematical model to compute the light intensity across the photosensor array (16) with an aperture of 
the selected shape (23) in place; 

g) during a selected number of iterations, adjusting the mathematical expression representative of 
20 aperture shape in an orderly fashion adapted to minimize the total deviation of the computed light 

intensity across the linear photosensor array from the target constant value light intensity; 

h) selecting a final design aperture shape (26) in accordance with the one of the adjusted mathematical 
expressions for aperture shape which produces the least total deviation in computed light intensity from 
the target constant value light intensity. 

25 2 The invention of claim 1 wherein the step of selecting a target constant value light intensity comprises 
selecting a value which is no greater than approximately the lowest light intensity value associated with the 
illuminated line object (14) which was measured across the linear photosensor array (16) dunng the testing 

r The invention of claim 1 wherein the step of representing a selected aperture shape mathematically 
30 comprises representing aperture shape as a polynomial expression. 

4. The invention of claim 3 wherein the step of adjusting the mathematical expression representative of 
aperture shape comprises adjusting the coefficients of the polynomial expression for aperture shape. 

5. The invention of claim 4 wherein the step of adjusting the coefficients of the polynomial expression for 
aperture shape comprises using the simplex method. 

as 6. The invention of claim 1 wherein the step of computing the light intensity across the photosensor array 
(16) with an aperture of the selected shape in place comprises using numeric integration. 
7. The invention of claim 1 comprising the further step of representing the light intensity measured across 
the linear photosensor array (16) during the testing period as a polynomial expression. 

8 The invention of claim 1 wherein the constructed mathematical model for light intensity across the 
40 photosensor array (16) with an aperture (e.g. 24) in place is expressed as a variable fraction of the light 

intensity measured during the testing period without an aperture in place. 

9 The invention of claim 8 comprising representing the variable fraction with a numerator compnsmg a 
mathematical expression for the unobstructed projected area of a light cone centered at a point along the 
axis (XX) of the aperture and with a denominator comprising a mathematical expression for the total 

45 projected area of that light cone. t 

10 A method for selecting the shape of an occluding aperture (24) which is to be positioned at a 
predetermined aperture location (28) in a light path (12) extending between an illuminated line object (14) 
and a linear photosensor array (16) whereby, through use of the aperture (24), a Dght intensity measurement 
is obtained across the linear photosensor array (16) which is uniformly proportional to the light intensity 

so across the illuminated line object (14), comprising the steps of: 

a) providing a constant light intensity across the illuminated line object (14) during a testing period; 

b) measuring the light intensity across the linear photosensor array (16) during the testing penod without 
an occluding aperture (24) in the light path (12); 

c) selecting a target, constant value light intensity which is to be achieved through use of occhjding 
55 aperture (24) which value is no greater than approximately the lowest light intensity value associated with 

the illuminated line object (14) which was measured across the linear photosensor array (16) dunng the 

testing period; „ 

d) selecting an initial aperture shape (23) and representing the selected shape mathematically as a 
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parameters: 
a = 10.5 
d - 40 

l(x) from Equation 1 
5 I = 360 
w = 224 
L = 130 

A polynomial that will provide at least the proper gross shape for an aperture opening defined by f(x) 
and -f(x) is given by: 

10 f(x) = 2 + 0.01 x + 0.002x 2 + 0.0003x 3 + 0.00004x* + O.OOOOOSx 5 + 0.0000006X 6 + 0.00000007x 7 + 
O.0000000008x 8 (Equation No. 9). 

This equation is simply an arbitrary choice based upon empirical data which suggests a bow-tie shape 
aperture with a middle portion about half as wide as the light path. Such an equation may be produced by 
data point polynomial curve-fitting techniques based upon a graphic "guess n at an aperture shape. 
75 Polynomial curve fitting techniques have been previously described. 

Fig. 1 1 shows this aperture shape superimposed on the cross-section of the light path 12 at d =40. 
This specific function of f(x) is then substituted into Equation No. 6. Equation No. 6 is then solved, 
preferably by numerical methods, for several values of x across the aperture. 

Thus, using the procedure described above, the light intensity at the aperture, i(x), may be calculated 
20 for several points across the aperture (preferably at least 20 equally spaced points). These values may then 
be compared with the desired light intensity "L" to see if i(x) = L We can measure the "goodness" of this 
aperture shape by computing how much deviation i(x) has from the ideal value, "L". This can be computed 
as follows: 

S = Z [i(x) -Lp (Equation No. 10). 
25 Fig. 13 shows the result of this modeling using the set of coefficients from the polynomial equation for 
aperture shape of Equation No. 9. The optimization procedure then proceeds as follows: 
Repeat these steps: 

1 . Model light intensity at aperture with current f(x) (i.e. solve Equation No. 6 for several representative 
points using a current specific f(x) such as Equation No. 9); 
30 2. Compute total deviation S using Equation No. 10: 

3. Adjust coefficients of f(x) to make S smaller until S is minimized. 

One method which may be used for adjusting the coefficients of f(x) is called the simplex method. The 
simplex method is well-known and widely used among mathematicians. The simplex method is described in 
the May 1984 edition of BYTE magazine, at pp. 340-362, in an article entitled, "Fitting Curves to Data." by 
35 Marco S. Caceci and William P. Cacheris of Florida State University. 

After several hundred iterations of the above optimization loop using the simplex method for adjusting 
the coefficients of f(x) to minimize S, the optimal set of coefficients for an aperture opening 26 described by 
an eighth-order polynomial was achieved. Fig. 14 shows the resulting performance. It should be noted that 
the light intensity is still not perfectly flattened out. Because of overlap in the light cones, it may not be 
40 possible to construct a perfect aperture, but this result is about the closest which may be achieved with an 
eighth-order polynomial. A higher-order function might improve things slightly, but the improvement would 
probably not be significant. 

Finally, Fig. 12 shows the optimized aperture shape superimposed on the light path cross-section, 
utilizing the aperture shape of the iteration of Fig. 14 in which: 
45 f(x) = 2.29 + 0.0439x + 0.0052084x 2 - 0.00127523x 3 - 9.1 1383485M0- S x* - 1 .19371 64*1 O^x 5 - 
1.1 29698*1 O^x 6 + 2.6567833*1 0" 7 x 7 + 2.41819433*10" s x 8 (Equation No. 11) 

An aperture having an aperture shape defined by the f(x) and -f(x) of Equation No. 11 may be 
constructed using currently available CAD/CAM systems which are widely used and well-known in the art. 
It will, of course, be appreciated that the shape of the aperture opening 26 at any point beyond the 
so outer edge of the light path is irrelevant to aperture performance. Thus, the aperture has been rt squared-off" 
at the ends in the illustrations of Figs. 1-3 and 9. 

While an illustrative and presently preferred embodiment of the invention has been described in detail 
herein, it is to be understood that the inventive concepts may be otherwise variously embodied and 
employed and that the appended claims are intended to be construed to include such variations except 
55 insofar as limited by the prior art. 



Claims 
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where i(x) is the light intensity at any point x along the aperture axis; A(x) is the area of the unobstructed 
portion of the circle projected by a light cone centered at point x on the aperture ax,s; and r is the c.rcle 

For the desired design condition i(x) = L for |x| Sx m . where x m is the distance from the center of the 
s aperture to the outermost light cone central axis. 

Rb 10 is a detailed illustration showing variables relative to the calculation of area A(x) for an aperture 
shape represented by the functions f(x) and -f(x). Thus, the unobstructed circle area associated w.th a light 
cone centered at a point x on the aperture axis may be expressed as: 

' 5 (Equation No. 4) ^a. 

or alternately as: 

A(x) win (*^))4r*- (x-fc)*-) d-k 

x-r* (Equation Mo. 5) 

It may be quite difficult to analytically compute the integral expression for A(x) given in equations 4 and 
5 above. Thus, A(x) is preferably computed numerically once a specific function for f(x) is provided, as 
described below. Numerical integration is a straightforward concept and several techniques are 0on«»«y 
25 taught In a first calculus course. Numerical integration is described in Krevszig . supra, at Section 18.S, 
which is hereby specifically incorporated by reference. t ^ ort% , a , 

Thus, given any aperture shape expressed by the function f(x) and -f(x); the l.ght intensity at the 
photosensor associated with any point x along the aperture axis may be represented by the mathematical 
expression: 

30 

i(x, - t[* (f)] • - J=c 

(Equation No. 6) 

Other mathematical relationships which result from the system geometry Illustrated in Figs.8 and 9 and 
which may be solved to obtain needed values of x and r in solving Equation Nos. 1 and 6 include: 
x„ =£{?) = z? (Equation No. 7) 

& (A- A \ , 0. LJi-cK) (Equation Ho. 8) 
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50 Optimization of the Aperture Shape 

The first step in arriving at the proper aperture shape is to determine the general form of f(x) and then 
make an educated guess at a specific shape that wil. be at least grossly similar to "■^^^Jf^ 
is aware from past design experience that use of an eighth-order polynom.al for x) will aanenMymutt in a 
« final aperture shape which is sufficiently precise for most design purposes. Applicant « also aware ttiat *e 
aperture will be somewhat bow-tie-shaped, and the center opening of the aperture will be roughly half the 

thickness of the light path. ««ii„„„„„ e..<=tam 

As an example, an aperture will be designed for a line-focus system 10 with the following system 
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This characterization for light Intensity at any point x along the line object axis is used in the procedure 
for optimizing aperture shape described below. 

5 Selection of Target Compensated Light Intensity 

It is next necessary to choose an arbitrary level of light which is to be uniformly provided across the 
liaht oath 12 with an "ideal" aperture in place. This arbitrary level of light which is to be ach.eved with an 

,o betimes referred to herein as "target compensated light intensity." 

method of the Invention, the arbitrary level of light which is selected is the lowest Jft 
measurement associated Wrth the line object This is usually the light intensity^sociated wrth one of the 
end points of the line object 14 and is represented at "L" in Fig. 7. In the unrts of Fig. 7. the target l.ght 
intensity has a value of 130. Thus, in the illustrated example: 

J5 L = 130 (Equation No. 2). 

Mathematical Modeling of Compensated Light Intensity 
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As described above, each light cone. e.g. 46. 48. is a bundle of light rays which emanates from a point 
on ime obS 14 and which diverges as it approaches the lens 22. Each light bundle is redirected by the 

' enS r ^eTwi.: :ve a nS;is7^me of the rays in each cone, but the remaining rays in each 
cone ^eTreXected 'back to .'point on the sensor 18. «t should be noted that the - *J 
sensor is affected but not the field of view of the sensor. The aperture 24 does not obstruct any of toe 
S on STS. <Se* 14 which are "seen" by the sensor. Rathe, it differentially obstructs part of the 

m ZZ^^^e are an infinite number o, ^^TTSV^^ 
plane of the aperture 24 overlap considerably. It is not possible to ££n 
Hne obiect 14 without affecting the light from many other nearby pants. (Fortunately to afwrtura design 
purposes adjacent points on the line object 14 require their light intensities to be reduced by simHar 

"T5*r to optima an aperture shape, it is necessary to mode, how a particular *^^J^ 

the light cones to affect the intensity at the sensor 16. Fig. 8 defines some coordinates and d.stances wh.ch 

will enter into the mathematical model: 

a = clear aperture diameter of lens 

1 = distance from line object to lens aperture 

d = distance from lens aperture to occluding aperture location 28 

x m = distance from centerline of optical path to centerline CC of outside cone 46. 

F,g 9 shows, in dashed lines, a cross-section of light path 12 at the aperture stop ' 0cat, °^f^ o "f f S 
of KM as mentioned earlier, project approximately as circles on the plane of the aperture stop. (Actually 
rSne^beSnTihtly elliptical away from the center of the Hght path, but this Is a m,nor effect and 

may be ignored with satisfactory results.) thickness 
These projected circles have a radius equal to half the thickness of the l-ght path 12 with JM 

dependent on the placement of the aperture and the system geometry as well as the , lens ^aperture 

circle at location x along the aperture axis represents the light bundle from a particular pent x(1/d) on the 

line object 1 4. the intensity of which is l(xM/d) when unobstructed. 

With the aperture 24 in place at 28, that intensity will be reduced in proportion to the area of hew« 

obsSd byTe ^p. (Actually, this is also an approximation 

rL* is not constant However, it is close enough that the variation is negligible.) The resulting lignt imensiiy 
hX^^STS Vhe unobstructed circle area to the total circle area muitiplied by the onglna, l.ght 



intensity, or: 
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i(x) - X [X (4-)] • ^ (Equation Ho. 3) , 
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Component portions of light in light path 12 may be imagined, for purposes of explanation, as illustrated 
in Fig 2 Light rays emanating from an end point 42 of illuminated line object 14 which pass through the 
clear aperture ol lens 22 form a diverging, generally conically-shaped bundle 46. The light rays .n light cone 
46 after passing through lens assembly 22. form a second cone 47 which converges at image point 52. 

s Similarly light from a central point on line object 14 forms a generally conical light bundle 48 which, after 
passing through the clear aperture of lens assembly 22. converges, as illustrated at 49. into image line light 
point 54. Since line object 14 has an infinite number of light points, it will be appreciated that the light path 
12 comprises an infinite number of overlapping light cones. A typical aperture placement in light path 12 is 
illustrated in Fig. 3. The central longitudinal axis XX of the aperture opening 26 is positioned coplanar with 

10 the central plane 60 of the light path and perpendicular to the lens and light path central longitudinal axes 
as represented by ZZ. The overlapping of projected circle portion of light cones which occurs at aperture 
24 is illustrated schematically in Rg. 5. Any region, e.g. 61 . along the aperture axis XX necessarily occludes 
light from many different overlapping light circles, e.g. 62. 64, etc. (In Rg. 5, only a very small number of 
the nearly infinite number of overlapping light circles have been shown.) Fig. 5 also illustrates the general 

is shape of the aperture opening 26. It is known from applicant's past design experience that the aperture 
opening must be generally "bow-tie" shaped in order to proportionately occlude more light at the center 
and less light at the ends of the light path. It is also known that, due to the symmetry of the light path, an 
aperture opening having mirror-image upper and lower peripheries 68, 70. respectively, is required. 
However, the fact that each point along the aperture axis XX occludes many different light cone projection 

20 circles has. until the present invention, prevented aperture designers from utilizing mathematical methods to 
determine aperture shape. 



25 



30 



35 



Measurement of Uncompensated Light Intensity 

in accordance with the method of the present invention, initially a constant light intensity is provided 
across the illuminated line object. In a typical application in a line focus system such as illustrated in Rg. 
10 a constant intensity line object is provided simply through providing a constant intensity light source 34 
which reflects light from a white background such as the surface 36 of object 35. Alternately, a white 
background may be provided as by placing a white sheet of paper against surface 36 in the area where 
"scan line" or Htuminated line object 14 is produced. 

Next with no aperture 24 in place in the light path 12, the light intensity across the linear photosensor 
array 16 is measured. A typical measurement of light intensity across the photosensor array is illustrated in 
Rg 6. The units on the horizontal axis are representative of the position of points or "pixels on the line 
object since each element in the photosensor array is associated with a point (actually, a small area region 
on the line object. The units for the pixel light intensity value are irrelevant for the purposes of the present 
method and may be any unit which the measurement system provides. 



Mathematical Representation of Measured Light Intensity 



Since a single line object of moderate length, e.g. 240 mm is typically represented by several thousand 
45 data points, e.g. 4000 data points, it is generally desirable to find a simpler characterization of light intensity 
so that the intensity of any given location may be determined without examining a cumbersome amount of 
data. Such a simper characterization of the light intensity data may be achieved through use ot a 
polynomial curve fit to the data points. It has been determined by applicant that, typically, a fourth .order 
polynomial provides a relatively good curve fit for such data. Fitting of polynomials to data is a well-known 
so and commonly-used technique. Polynomial curve-fitting is described in Advanced Engineering Mahematics 
3rd Edition, of Erwin Kreyszlg, published by John Wiley and Sons, Inc., of New York. New York. Library of 
Congress Catalog No. 71-172951, at Section 18.11, which is hereby specifically incorporated by reference 
for all that is disclosed therein. 

Using such a polynomial curve-fitting technique, the data of Fig. 6 may be represented by the 

55 expression: „ rt K1n 1N 

l(x) = 227 - 0.024436X - 0.00203943x 2 - 1.031 13682-1 (TV - 3.81489449"10- 7 x* (Equation No. 1). 

This mathematical expression of light intensity, l(x) versus line object position, x, along a line object 
having a length w is illustrated in Fig. 7. 
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DETAILED DESCRIPTION OF THE INVENTION 



5 The Invention in General 



As illustrated with reference to Fig. 1, the present invention, in general, comprises a method for 
selecting the shape for an occluding aperture 24 which is to be positioned at a predetermined aperture 
io location 28 in a light path 12 extending between an illuminated line object 14 and a linear photosensor array 
16. Through use of the aperture selected according to the method, a light intensity measurement is 
obtained across the linear photosensor array 16 which is uniformly proportional to the light intensity across 
the illuminated fine object 14. 

Initially, a constant light intensity is provided across the illuminated line object 14 and the resulting light 
75 intensity, with no aperture present in the light path, is measured at the linear photosensor array 16. Next, a 
constant value, target light intensity which is to be achieved through use of the aperture is selected. The 
selected target light intensity is preferably equal to approximately the lowest light intensity value associated 
with the illuminated line object which was measured across the linear photosensor array. 

Next, an initial aperture shape 23, Fig. 1 1 , is selected and is represented mathematically. A mathemat- 
20 ical model for light intensity at any point across the linear photosensor array is then constructed. The 
mathematical model assumes an aperture of the selected shape in place at the predetermined aperture 
location 28 and assumes a light intensity at the line object 14 equal to that produced at line object 14 for 
the initial light intensity measurement at the photosensor 1 8. 

Next, using the measured light intensity across the photosensor array 1 6 and the mathematical model, 
25 the fight intensity across the photosensor array 16 with the selected aperture shape in place is computed. 

Next, during a selected number of iterations, the mathematical expression for aperture shape in the 
mathematical model for light intensity Is manipulated in an orderly fashion which is adapted to minimize the 
total deviation of the computed light intensity across the linear photosensor array from the constant value, 
target light intensity. 

30 Finally, an aperture shape 26, Figs. 1-3 and 12, is selected in accordance with the particular 
manipulated mathematical expression for aperture shape which produces the least total deviation in 
computed light intensity from the constant value, target light intensity. 

Having thus described the method of the invention in general, apparatus used in practicing the method 
and further details of the method will now be described. 

35 

Line Focus System Components 



40 Fig. 1 illustrates a line-focus system 10 having a light path 12 extending between an illuminated line 
object 14 and a linear photosensor array 16. A line image 18 of the illuminated line object 14 is projected 
onto the linear photosensor array 16 by a lens assembly 22. The linear photosensor array 16 as illustrated 
in the detail view of Rg. 4 comprises a plurality of linearly ab'gned photoelements 15, 17, 19, etc., which 
correspond to pixel locations on line object 14. Each photoetement produces a signal proportionate to the 

45 intensity of light which it receives. Linear photosensors are well-known in the art. 

An aperture member 24 having an aperture opening 26 which a shape determined by mathematical 
modeling is adapted to be positioned at a predetermined aperture location 28 along the light path 12. The 
aperture member 24 is designed to partially occlude light in light path 1 2 to provide a light intensity across 
sensor 16 which is uniformly proportional to light intensity of the illuminated line object 14. 

so In the embodiment illustrated in Fig. 1 , an illumination device such as fluorescent bulb 34 provides light 
which Is reflected from an object 35 having a white, planar forward surface 36. The position and length of 
line object 14 on surface 36 is defined by the position and optical characteristics of an imaging lens 22 and 
by the length of linear photosensor array 16. 

55 

Characteristics of Uncompensated Light in a Line-Focus System 
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SUMMARY OF THE INVENTION 



The present invention comprises a method for selecting the shape tor an occluding aperture which is to 
5 be positioned at a predetermined aperture location in a light path extending between an illuminated line 
object and a linear photosensor array. Through use of the aperture selected according to the method, a light 
intensity measurement is obtained across the linear photosensor array which is uniformly proportional to the 
light intensity across the illuminated line object- 
Initially, a constant light intensity is provided across the illuminated line object and the resulting light 
to intensity, with no aperture present in the light path, is measured at the linear photosensor array. Next, a 
constant value, target light intensity which is to be achieved through use of the aperture is selected. The 
selected target light intensity is preferably equal to approximately the lowest light intensity value associated 
with the illuminated line object which was measured across the linear photosensor array. 

Next, an initial aperture shape 23 is selected and is represented mathematically. A mathematical model 
75 for light intensity at any point across the linear photosensor array is then constructed. The mathematical 
model assumes an aperture of the selected shape in place at the predetermined aperture location and 
assumes a light intensity at the line object equal to that produced at line object for the initial light intensity 
measurement at the photosensor. 

Next, using the measured light intensity across the photosensor array and the mathematical model, the 
ao light intensity across the photosensor array with the selected aperture shape in place is computed. 

Next, during a selected number of iterations, the mathematical expression for aperture shape in the 
mathematical model for fight intensity is manipulated in an orderly fashion which is adapted to minimize the 
total deviation of the computed light intensity across the linear photosensor array from the constant value, 

target light intensity. .... ^ *• i 

Finally, a design aperture shape is selected in accordance with the particular manipulated mathematical 
expression for aperture shape which produces the least total deviation in computed light intensity from the 
constant value, target light intensity. 



BRIEF DESCRIPTION OF THE DRAWINGS 



An illustrative and presently preferred embodiment of the invention is shown in the accompanying 

drawings in which: 
36 Fig. 1 is a schematic perspective view of a line-focus system. 

Fig. 2 is a schematic perspective view illustrating light cones associated with two light points in a nne- 

focus system. . . 

Fig. 3 is a perspective view of the line-focus system of Fig. t with an occluding aperture in place in tne 

light path. 

40 Fig. 4 is a detail plan view of a linear photosensor array. 

Fig. 5 is a schematic cross-sectional view of overlapping light cones in the plane of an occluding 

aperture. 

Fig. 6 is a graph representing measured light Intensity in a line-focus system having no occiuoing 
aperture. 

45 Fig. 7 is a graphic illustrating of a polynomial approximation for the data of Fig. 6. 

Rg. 8 is a schematic perspective view of the central plane of a light path showing certain parameters of 
a line-focus system. 

Fig. 9 is an elevation view of an occluding aperture in place in the light path of a line-focus system. 
Rg. 10 is a detail view of a portion of Rg. 9 association with a particular light cone, 
so Fig. 11 is a graphic illustration of the mathematical representation of aperture shape in an initial guess at 

aperture shape. L t .. 

Fig. 12 is a graphic illustration of the mathematical representation of aperture shape for a particular fine- 
focus system determined by use of the method of the present invention. 

Fig. 13 is a graphic representation illustrating the relative accuracy of the aperture of Rg. 11 for its 

55 intended purpose. 0 , ;t 

Rg. 14 is a graphic representation illustrating the relative accuracy of the aperture of Rg. 12 for its 

intended purpose. 
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METHOD FOR DETERMINING APERTURE SHAPE 

BACKGROUND OF THE INVENTION 



The present invention relates generally to line-focus systems and, more particularly, to a method for 
5 constructing a compensating aperture for a line-focus system which enables accurate measurement of light 
intensity. 

Line-focus systems are utilized in optical scanners and other optical imaging devices. In a line-focus 
system, a light beam from an illuminated line object is imaged by a lens onto a linear photosensor array 
which is positioned remotely from the line object The linear photosensor array is a single-dimension array 

10 of photoelements which correspond to small area locations on the line object. These small area locations on 
the line object are commonly referred to as "picture elements'* or "pixels." In response to light from its 
corresponding pixel location on the line object, each photosensor produces a data signal which is 
representative of the light intensity which it experiences. All of the photoelement data signals are received 
and processed by an appropriate data processing system. In an optical scanning device, the Illuminated line 

is object of the line-focus system is commonly referred to as a "scan line." 

Optical scanners and various components thereof are disclosed in U.S. patent application Serial No. 
filed July 20, 1989, for OPTICAL SCANNER of David Wayne Boyd(European Application 90306876.5); U.S. 
Patent No. 4,709,144 of Kent J. Vincent; and U.S. patent application Serial Nos. 145,174 (European 
Applications 89300238.6; '239.4; '240.2; '241.0; '243.6) and 333,850 (US-A-48702687). filed January 19, 

20 1988, and April 4, 1989, respectively, of Kent J. Vincent and Hans D. Neuman, which are all hereby 
specifically incorporated by reference for all that is disclosed therein. 

A problem experienced in most line-focus systems Is that the light intensity of the line image produced 
at the linear photosensor array Is not uniformly proportional to the light intensity at the line object. 
Generally, if a line object is evenly illuminated across its length, the light intensity at the sensor is much 

25 brighter in the area corresponding to the center of the line object than in the areas corresponding to the 
ends of the line object. This effect is quite significant; the intensity at the line image center may be roughly 
twice the intensity as that at the ends. There are several different optical effects which produce this 
problem. These optica! effects are due mainly to the different distances of the various points on the line 
object from the central axis of the lens. 

30 It is known in the prior art relating to line-focus systems to utilize an aperture positioned in the light path 
between a line object and a photosensor to differentially occlude light in the light path extending between 
the line object and the photosensor. Such "occluding" or "compensating" apertures are designed to 
occlude a proportionally greater portion of the light at the center of the light path than at the ends so as to 
make the light intensity at the photosensor uniformly proportional to the light intensity at the line object. A 

35 problem with the construction of such occluding apertures is that there is no mathematical formula which 
may be employed in a straightforward manner to determine aperture shape. As a result, such occluding 
apertures have, prior to the present invention, been created through trial-and-error empirical methods. 



40 OBJECTS OF THE INVENTION 



It is an object of the present invention to provide a method for producing an occluding aperture for a 
line-focus system which produces a light intensity at a linear photosensor array which is uniformly 
45 proportional to the tight intensity at a line object. 

It is another object of the present invention to provide a method for constructing an occluding aperture 
for a line-focus system which employs mathematical modeling of the line-focus system. 

It is another object of the present invention to provide a method for constructing an ocduding aperture 
for a line-focus system which enables construction of an aperture for any point along the light path of the 
so line-focus system. 

It is another object of the present invention to provide a method for constructing an occluding aperture 
for a line-focus system which requires a single empirical measurement of light intensity at the system 
photosensor. 
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© Method for determining aperture shape. 

© A method for selecting the shape for an occluding aperture (24) which is to be positioned at a predetermined 
aperture location (28) in a light path (12) extending between an illuminated line object (14) and a linear 
photosensor array (16). Through use of the aperturB (24) selected according to the method, a light intensity 
measurement is obtained across the linear photosensor array (16) which is uniformly proportional to the tight 
intensity across the illuminated line object (14). 




FIG.3 
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